Peptides derived from the whole sequence of mycobacterial GroES heat shock proteins were tested for the ability to induce the proliferation of blood mononuclear cells from tuberculosis patients and sensitized healthy subjects. The response to the N-terminal peptide (residues 1 to 16) was found to be more frequent and stronger in tuberculosis patients. This finding is exceptional, considering that recognition of all other GroES peptides by patients was either diminished or not different from that of controls.
Active tuberculosis (TB) is commonly associated with depressed delayed-type skin hypersensitivity and in vitro proliferation of blood lymphocytes (5) . T-cell anergy in leprosy is closely linked to the pathology and clinical manifestations of the disease, but the implications for TB are less clear. One mechanism involved is the sequestration of CD4 T cells from the blood circulation to the site of the disease, e.g., pleural fluid (3, 12, 13) , associated with a pronounced change from Th1 to Th0 cytokine secretion (4) . There are no obvious grounds for expecting the depression in the blood T-cell response in TB to be antigen or epitope specific. Nevertheless, the proliferation of T cells in TB patients compared with that in sensitized healthy subjects showed at least certain peptidespecific differences (11) . These could have been related to the extent of recovery of blood T-cell responses following chemotherapy (12) , but the frequency of gamma interferon-secreting lymphocytes specific for ESAT-6 was shown actually to fall rather than rise during antituberculosis chemotherapy (9) .
The GroES (cpn10) heat shock protein of Mycobacterium tuberculosis is strongly recognized by T cells from healthy tuberculin reactors and patients with pleural TB (1) . GroES is conserved between species, and its homologues are present in both prokaryotic and eukaryotic cells. It has been used as an experimental vaccine both against bacterial, e.g., Helicobacter pylori (6), infection and against autoimmune diseases, e.g., adjuvant arthritis (10) . As the repertoire of T-cell responses to GroES revealed a distinct peptide-related specificity in leprosy (2) , it seemed of interest to investigate if patients with active TB have similar or different hierarchies of peptide recognition. We tested pairs of peptides of very similar GroES sequences from M. tuberculosis and M. leprae, the latter being relevant to potentially reflect environmental sensitization with organisms of the M. avium complex. Peptide 16-mers overlapping by eight residues covering the entire protein sequence were produced on the Milligen 9050 Peptide Synthesiser using 9-fluorenylmethoxy carbonyl technology and purified on Sephadex G-15. Sequence integrity was verified by mass spectrometry, and homogeneity was verified by reverse-phase high-performance liquid chromatography (2) .
The patients (TBP) and healthy donors (HS) were diagnosed in the United Kingdom. Ethnic origins were not matched between the groups: Caucasian (4 TBP, 12 HS), Indian (12 TBP, 4 HS), or African (9 TBP, 1 HS). The diagnosis of TB was confirmed in 20 of 25 patients by culture or histology and in the remaining 5 by clinical criteria. Of the 20 patients with pulmonary TB, 3 had pleural effusions and of the 5 with extrapulmonary cases, 3 had lymphatic disease and 2 had peritoneal disease. There was no evidence of human immunodeficiency virus infection in any of the patients tested. Blood was drawn before the onset of chemotherapy from all except one patient. All 17 healthy donors (14 males and three females with an average age of 36 years) were BCG vaccinated and had no history of TB. Both TBP and HS reacted to 1 tuberculin unit with a skin induration of greater than 5 mm, and blood samples were obtained with informed consent.
Peripheral blood mononuclear cells (PBMC) and peptide (50 g/ml) in quadruplicate wells were incubated for 7 days. [ 3 H]thymidine incorporation in cultures with antigen, if greater than 2.5-fold that achieved with medium alone (stimulation index, Ն2.5) was considered positive. PBMC from all TBP and HS responded positively to at least one peptide and also to purified protein derivative (results not shown). The total number of peptides recognized showed a significant difference (Fisher exact test) between the groups tested. Considering mean values for M. tuberculosis-and M. leprae-derived peptides, subjects in the HS group recognized a larger number of peptides (71% recognized more than five, and 29% recognized five or fewer) whereas those in the TBP group recognized fewer peptides (28% recognized more than five, and 72% recognized five or fewer). Similar results have been reported with respect to acr/16-kDa peptides in TB (8) and GroES peptides in leprosy (2) .
The frequencies of response to the M. tuberculosis (T)-and M. leprae (L)-derived peptides by PBMC from subjects in the HS and TBP groups are presented in Fig. 1 . The responsiveness to both the 1-16T and 1-16L peptides was higher in the TBP group than in the HS group. In contrast, responses to the all of the other peptides tested were either similar between the HS and TBP groups (p9-24, p17-32, and p25-40) or diminished in the TBP group (all in the carboxy-terminal section from p41-56). Responsiveness to the T and L series of peptides was similar in most instances, with a few exceptions. The observed lower responsiveness to p33-48T, 49-64L, and p65-80T is difficult to explain, and the possibility that these peptide preparations were of poorer quality cannot be excluded.
As our interest in disease association was greater than our interest in fine specificity, we decided to evaluate the patterns of antipeptide responses with respect to the more stimulatory one from each T-L peptide pair. Stimulation indices of Ͼ2.5 to 6 were classified as moderately positive, and those of Ͼ6.0 were classified as strongly positive. We classified the stimulation with individual peptides into five categories (A to E) on the basis of TBP responsiveness in relation to HS responsiveness (Fig. 2) . Category A represents a pronounced increase in the frequency and intensity of stimulation in the TBP group, which was observed only with respect to the N-terminal peptide p1-16. In contrast, no significant difference between the TBP and HS groups was found with either the strongly stimulatory peptide p9-24 (category B) or the weakly stimulatory peptides p17-32 and p25-40 (category C). By contrast, we observed a diminished response of PBMC from TBP to four peptides classified in category D and a marked decrease in responsiveness to the three peptides of category E (p33-48, p57-72, and p81-100). Combining categories D and E thus accounts for the overall narrowing of the peptide repertoire in TBP.
The isolated case of an enhanced proliferative T-cell response of TBP to the amino-terminal peptide p1-16 is thus unusual and needs confirmation in a larger cohort of patients and controls. Notably, the responsiveness to p1-16 was most prominent in the 9 African patients tested, but the mean value was not statistically significantly different from that of the 12 Indian patients tested. We also searched for a possible association with HLA-DR alleles (comprehensively tested as described in reference 2), but considering the small size of the groups and that the patient and control populations were not ethnically matched, we could not draw any meaningful conclusions (results not shown). The enhanced response in active TB to only one peptide (p1-16) represents a special situation, considering that out of the 11 peptides of GroES tested, responses to 7 were diminished and responses to 3 were similar in patients and controls. The reasons for and mechanisms of this striking peptide specificity have not been investigated but could be related to the structural motif in residues 6 to 15, which have a pivotal role in the aggregation of GroES into tetramers or heptamers (7) . It is a matter of speculation whether this structural feature plays a role in our empirical observation or whether the association is merely coincidental. The mechanisms may involve an abrogation of the sequestration of CD4 T cells from the blood to the site of disease. Therefore, comparison of T-cell responses between blood and pleural fluid, including their different cytokine profiles (4), would be of interest for further study. Considering the highly conserved structure and common occurrence of GroES, our finding could also be relevant to the immunogenicity and, by inference, to the vaccinal capacity of GroES in other infectious and autoimmune diseases.
